In the model of hidden sector proposed recently, protons and neutrons scatter differently on cold-dark-matter particles. First, we summarize briefly our model based on a mechanism of "photonic portal" between hidden and Standard-Model sectors of the Universe. Then, we calculate in an elementary way the differential cross-sections for scattering of protons and neutrons on sterile Dirac fermions ("sterinos") playing the role of cold-dark -matter particles. They interact with nucleons through the photonic portal in a somewhat involved but natural manner. Due to this portal, the differential cross-section for protons displays a Coulomb-like forward singularity.
Introduction
In this note, we calculate the differential cross-sections for scattering of protons and neutrons on cold-dark-matter particles in the model [1, 2] , where cold dark matter consists of stable sterile Dirac fermions ("sterinos"). They interact weakly in a hidden sector together with unstable sterile spin-0 bosons ("sterons") via sterile non-gauge mediating bosons ("A bosons") described by an antisymmetric-tensor field (of dimension one). In this interaction, sterons are paired with Standard-Model photons, so that a new weak interaction Lagrangian in the hidden sector reads:
with √ f and √ f ζ denoting two dimensionless small coupling constants, while F µν = ∂ µ A ν − ∂ ν A µ is the Standard-Model electromagnetic field (of dimension two). Here, we assume that ϕ =<ϕ> vac + ϕ ph , where <ϕ> vac = 0 is a spontaneously nonzero vacuum expectation value of the steron field. The coupling (1) of photons to the hidden sector has been called "photonic portal" (to hidden sector). It is an alternative to the popular "Higgs portal" (to hidden sector) [3] .
Together with the A-boson kinetic and Standard-Model electromagnetic Lagrangians, the new interaction Lagrangian (1) leads to the following field equations for F µν and A µν :
and
where j µ stands for the Standard-Model electric current and M denotes a mass scale of A bosons, expected typically to be large.
The field equations (2) are Maxwell's equations modified due to the presence of hidden sector. Such a modification has a magnetic character, since the hidden-sector contribution to the total electric source current
for the electromagnetic field A µ is here a four-divergence not contributing to the total electric charge
In particular, the nonzero vacuum expectation value < ϕ > vac = 0 generates spontaneously an effective sterino magnetic interaction
though sterinos are electrically neutral. Here,
is a resulting sterino magnetic moment. The interaction (6) follows as a part of the effective interaction
when the low-momentum-transfer approximation
implied by Eq. (3) is used in the interaction (1) with ϕ =<ϕ> vac + ϕ ph . * The quadratic form (8) is multiplied by an extra factor 1/2 in order to work as an effective Lagrangian.
The Standard-Model Dirac fermions f (e.g. f = e − , µ − , p, n) interact electromagnetically according to the following interaction Lagrangian:
where
(11) * To avoid this approximation, one may apply in the effective interaction (8) in place of (M 2 ) −1 the Green's function (M 2 − ) −1 inserted between both brackets ( ), leading to a nonlocal effective interaction operator.
In particular, for protons and neutrons (treated as pointlike particles)
In Eq. (10), we have
where α = β γ = γ 5 σ with (γ µ ) = (β, γ) = (β, β α). The total magnetic moment of an f fermion is
while
In particular, µ p ≃ 2.79(e/2m p ) and µ n ≃ −1.91(e/2m n ).
Scattering of nucleons on sterinos
The current direct detection experiments for cold dark matter (for theoretical aspects cf. [4, 5] ) aim to observe recoils of Earth's detector nuclei scattered on dark-matter particles during the travel of the Earth through the Galactic halo. From the point of view of nuclear physics, this is a nonrelativistic scattering problem for nucleons bound within nuclei moving in a medium of particle cold dark matter and weakly interacting with it by a postulated new coupling. In this note, we consider this scattering using our model of hidden sector, where its coupling to Standard-Model sector is provided by the photonic portal described in Introduction. We study the free nucleon scattering rather than the nuclear scattering on cold-dark-matter particles, in order to look as close as possible at an elementary mechanism. Of couse, in realistic detection experiments nucleons are bound within detector nuclei.
In our model, pointlike protons interact with sterinos (constituting the cold dark matter) via the part of weak-interaction Lagrangian (1) involving <ϕ> vac = 0,
together with both parts of electromagnetic interaction Lagrangian (10),
while pointlike neutrons do that via the part (16) together with the second part of Eq.
(10) only,
The interaction (16), when collaborating with the first coupling (17), leads for the scattering pψ → p ′ ψ ′ to the following S-matrix element (in the obvious notation):
and, in the next step, the Gordon identity will be used:
In Eq.(19), the factor 2 standing at −ū
The collaboration of interaction (16) with the second coupling (17) or with the coupling (18) provides for the scattering f ψ → f ′ ψ ′ the following S-matrix element:
with f = p or f = n.
Since the fully differential cross-section corresponding to the S-matrix element S(f ψ →
we get in the case of S-matrix element (19) for protons:
Evaluating traces in Dirac bispinor indices, we obtain in Eq. (23):
with θ ′ p being the angle between the directions of p ′ p and p p . Finally, using the definition of differential cross-section
we calculate in the case of S-matrix element (19) for protons:
Further, we calculate this differential cross-section in the centre-of-mass frame, where
In this frame, Eq. (27) gives
Since momenta involved in the cold-dark-matter interaction with nuclear detectors are not larger than a few keV, the nonrelativistic approximation
≃ m is adequate. Then, the differential cross-section (29) in the leading nonrelativistic approximation takes the form
We can see that this differential cross-section for protons gets a Coulomb-like forward singularity provided by our photonic-portal mechanism of interaction between hidden and Standard-Model sectors of the Universe. This singularity is weaker than in the Rutherford cross-section.
In a similar way for neutrons, using the S-matrix element (21) with f = n, we get
where, in the next step, it is convenient to apply twice the Gordon identity (20). Then, evaluating traces in Dirac bispinor indices, we obtain in Eq. (32)
Finally, the differential cross-section reads
In the centre-of-mass frame, where p n + p ψ = 0 and so p
In this frame, Eq. (35) implies
The differential cross-section (37) in the leading nonrelativistic approximation becomes
giving trivially the integral cross-section in this approximation:
where δµ n = µ n = (g n /2)(e/2m n ) and so,
Then,we can estimate the nonsingular part of proton elastic cross-section σ(pψ → p ′ ψ ′ )
given in Eq. (47) as
and, similarly, the neutron elastic cross-section presented in Eqs. (40) with (41) as
This tentative result may seem to be too large in view of the very recent CoGeNT direct detection experiment ( [7] , see also [4] ), suggesting for (spin-independent) nucleon elastic cross-section on dark matter the approximate figure of ∼ 10 −40 cm 2 , and for darkmatter mass the range 5-10 GeV roughly. Thus, in the case of spin-independent nucleon cross-sections, such a comparison may mean that the tentative interval 10 −3 to 1 in Eq.
(49) ought to be extended and/or the bold value (50) for f diminished. Otherwise, it may turn out that the spin dependence of nucleons within nuclei cannot be simply averaged in scattering on dark matter and so, nucleon cross-sections be treated as spin-independent.
At the end, we would like to underline once more the physical meaning of the new weak interaction (1) that, due to the presence of hidden sector, modifies the Standard-Model electromagnetism, leading to the total electric source current(4). The latter includes the contribution from the hidden sector,
which has a generalized magnetic character related to its four-divergence form. Note that the interaction Lagrangian (1) with F µν = ∂ µ A ν − ∂ ν A µ can be rewritten, up to a four-divergence term, as
This weak interaction Lagrangian together with the Standard-Model electromagnetic interaction −j µ A µ gives the modified electromagnetic interaction (including the correlated interaction of ψ andψ with A µν ):
Here, of course,
with ∂ µ δj µ = 0 satisfied identically due to the antisymmetry of A µν . The modified electromagnetic interaction (55), working both in the hidden and Standard Model sectors, defines and physically explains the mechanism of photonic portal as a collaboration of couplings j µ A µ and δj µ A µ (via A µ ) as well as δj µ A µ and ( √ f ζ/2)ψσ µν ψA µν (via A µν ).
The mechanism of photonic portal to hidden sector, described in this note, may be embedded as a leading phenomenon in a more extended new weak interaction displaying electroweak symmetry, spontaneously broken by the Standard-Model Higgs coupling (cf.
the fourth Ref. [1] ).
